Total ankle replacement can be a challenging surgery especially when pre-operative deformity exists. Most authors advocate the indication for total ankle replacement should be narrowed to patients with less than 10 to 15 degrees of pre-operative varus or valgus. When greater than 10-15 degrees of coronal plane malalignment is found, ancillary procedures must be performed. We report a case of a 56 year old male with 20 degrees of pre-operative ankle valgus after a pronation-external rotation injury that was malreduced at an outside institution. In addition to the valgus, the patient presented with medial ankle instability, distal lateral tibial osteonecrosis and a shortened, posteriorly rotated fibula. Staged procedures were employed to successfully realign the patient's ankle joint. The patient was first brought to the operating room and stressed under c-arm fluoroscopy. He was found to have instability of the deltoid complex. He subsequently underwent an ankle arthrotomy, synevectomy and deltoid imbrication to re-establish medial ankle stability. Second, the patient underwent a fibular lengthening and derotation, syndesmotic fusion and medial opening wedge tibial osteotomy. Once consolidation was confirmed by CAT scan, the patient had a gastrocnemius lengthening total ankle arthroplasty with a Zimmer trabecular metal implant (Zimmer Inc®, Warsaw, IN) and debridement and grafting of the distal lateral tibial osteonecrosis. The patient is now greater than 24 months post operatively and able to ambulate pain free without assistive devices.
Introduction
Total ankle replacement and implant devices have evolved greatly. Nonetheless, the surgery can be challenging especially when preoperative deformity exists. Some authors have suggested the indication for total ankle replacement should be narrowed to patients with less than 10 to 15 degrees of pre-operative varus or valgus [1] [2] [3] [4] . However, it was found that between 33% to 44% of patients with end-stage osteoarthritis present with malalignment of greater than 10 degrees in the coronal plane [1, 3, 5] . Depending on the degree of pre-operative malalignment, staged procedures may need to be considered before discounting the possibility of total ankle replacement.
Case Report
A 56 year old male presented for initial evaluation with complaint of right ankle pain. The patient underwent an open reduction internal fixation of a pronation-external rotation injury one year prior at an outside institution. The patient's original fixation consisted of two, 4.0 cancellous medial malleolar screws and two, tightropes to fixate the syndesmosis. The surgeon of record felt that the fibula was noted to have good reduction and therefore was not fixated. At his first follow up he was informed his reduction was not satisfactory. Six weeks later he subsequently underwent a second surgery consisting of removal of hardware and revision surgery for open reduction internal fixation. The surgeon identified a butterfly fragment of the fibula fracture. At this time, the fibula was fixated with a 3.5 inter fragmentary screws and a semi-tubular plate. The medial malleolar fracture was fixated with circlage wire in a figure of eight pattern. The syndesmosis was fixated with a two, cortical screw engaging four cortices each. Post-operatively he was noted to have continued pain. He underwent a third surgery three months later with his original surgeon which included removal of the syndesmotic screws inserted during his second surgery. After his three surgeries, his ankle remained malaligned and painful.
The patient presented to our institution 13 months after his initial surgery with a complaint of persistent right ankle pain. His past medical history was significant for only hypertension. On physical examination, the patient ambulated in an apropulsive manner with the assistance of a cane. His vascular status, protective, and epicritic sensation were intact. Incisions sites were all well healed with no hypertrophic scar formation. Muscle strength was 4/5 to all muscles of the lower extremity. Range of motion of the ankle joint was severely limited with pain and crepitus noted. There was pain on palpation to both the lateral and medial ankle ligamentous structures. Radiographic evaluation revealed a 20 degree ankle valgus, a malunion of the medial malleolus fracture, a 1cm increase in tibiafibular clear space, a shortened, posteriorly rotated fibula and lucency in the distal lateral tibia. A MRI revealed decreased signal uptake at the distal lateral tibia confirming the lucency was osteonecrosis of the distal lateral tibia (Figures 1 and 2 ). The patient previously failed ankle bracing and physical therapy and was interested in surgical correction of his deformity. Both ankle fusion and replacement were discussed in detail. The patient desired a total ankle arthroplasty and was not interested in an ankle arthrodesis. The patient's age, co-morbidities and physical demands were amendable to ankle replacement. The major concerns regarding his case included the medial deltoid instability, severe valgus rotation and tibial osteonecrosis. Given the patient's complex deformity and history of multiple previous surgeries, a staged approach was employed.
The patient was brought to the operating room and the ankle joint was stressed under C-Arm fluoroscopy. The patient was noted to have significant instability in a valgus rotation with complete loss of his medial deltoid ligament function. His initial surgery consisted of an ankle joint arthrotomy with synevectomy and deltoid ligament imbrication. An oblique incision was made over the medial deltoid complex. The deltoid ligament was identified, incised and retracted. A medial capsular incision was made for the arthrotomy. The ankle joint had a tremendous amount of hypertrophic, chronic synovitis which was debrided. There were distal malleolus fracture fragments noted. The major fragments were identified and removed at this time. Removing the remaining fragments could compromise the repair medially and were left at this time. The ankle capsule was reapproximated and attention was drawn back to the deltoid ligaments. A wedge section was removed from the deltoid ligament complex and the ligament was primarily repaired with 0 vicryl. Prior to embarking on further reconstructive surgery, the surgeons wanted to evaluate if the medial deltoid reconstruction would stabilize the medial ankle. If the medial ankle could not be stabilized, an ankle arthrodesis would need to be performed instead of an ankle arthroplasty. Post-operatively it was felt that stability was re-established to the medial ankle. The decision to proceed with an ankle replacement was made with the thought process that bony realignment would be needed in order to support the medial deltoid ligament reconstruction. A fibular and tibial osteotomy would be necessary to realign the ankle joint appropriately in order for an ankle arthroplasty to be well maintained in the ankle joint ( Figure 3 ).
A second surgery was planned 7 weeks after the first to address the patient's shortened, posteriorly rotated fibula, syndesmotic rupture and valgus malalignment. All retained hardware from the previous open reduction internal fixation surgeries was removed. A 2-cm piece of fibula was resected from the middle -distal fibula to use for bone graft. Attention was then directed to the syndesmosis which was debrided and taken down and the bony surfaces were extensively debrided in preparation for syndesmotic arthrodesis. Attention was then directed to the tibia where an opening wedge osteotomy was performed superior to the area of osteonecrosis to address the 20 degrees of ankle valgus. The osteotomy was made with the base laterally and apex medially. The osteotomy site was packed with the autogenous fibula graft and allogenic bone. The tibial osteotomy was stabilized with a 1/3 tubular plate and 2, 3.5 bicortical screws. Once fully debrided, the fibula was able to be lengthened and anteriorly rotated into the incisura. The fibula was then brought to length and anteriorly rotated and held in a corrected position with a locking plate over the fibula. The plate extended to the proximal fibula to assist in maintaining anatomic alignment with the distal fibula. The syndesmosis was stabilized with four, 4.0 syndesmotic screws inserted across the syndesmosis through the fibula plate to fuse the syndesmosis. Note the valgus ankle, the increase in the tibia-fibular syndesomsis, the mal union of the medial malleolus ( Figure 4 ). Figure 4 : A intra-operative fluoroscopic view demonstrating post tibia-fibular syndesmosis takedown, followed by a tibial realignment osteotomy packed with autogenous fibular and allogenic bone graft along with internal fixation. Note the re-alignment of the tibial -talar joint.
A distal tibial osteotomy was performed with the base being lateral and the apex medial. The osteotomy was bone grafted with autogenous fibular bone and back filled with allogenic cancellous bone. The fixation consisted of a two hole plate resulting in anatomic alignment. The weber clamp was used to pull the distal fibula inferiorly and anteriorly rotated.
A CT scan was ordered to evaluate the tibial osteotomy and the tibia-fibular syndesmotic arthrodesis. There was confirmed bony consolidation at the distal tibia-fibular syndesmotic fusion, and union of the graft at the tibial opening wedge osteotomy. The patient's total ankle replacement surgery was then planned (Figures 5 and 6 ). Five months post operatively from the patients second staged procedure, the patient underwent removal of the large fibular plate, a gastrocnemius recession and total ankle arthroplasty with a Zimmer trabecular total ankle implant through a lateral approach. The lower extremity was aligned appropriately within the external fixator and a fibular osteotomy was made below the syndesmosis arthrodesis and proximal to the ankle joint. The tibial and talar bone surface preparation was performed as described by Zimmer technique utilizing a side cutting burr [6] . With this technique, the osteonecrosis was resected and inspected. Any suggesting there was a void was then packed with the autogenous bone graft. The implant was inserted and the fibular osteotomy was reduced and fixated with a plate and screws. A Zimmer trabecular total ankle implant (Zimmer Inc.®, Warsaw, IN) was utilized because the implant surfaces and bone resections are curved to help reduce the risk of implant subsidence. This also increases the effective contact area between the prostheses and the bones, allowing joint loads to be more broadly distributed. The design also places the implants in a region of greater bone density (Figures  7-9 ). Movie (Supplementary file): This is a clinical movie demonstrating the range of motion the patient is experiencing following the total ankle replacement surgery.
The patient is now greater than 24 months status post total ankle arthroplasty. He reports an improvement in pain, function and range of motion. He is able to ambulate independently with no assistive devices.
Discussion
Complex pre-operative alignment presents as a challenging case for a surgeon to realign. The patient's clinical picture and imaging studies should be carefully assessed for other areas in need of correction. One should refer back to the list of indications and contraindications and address deformities accordingly. This may require a series of procedures before the total ankle device can be inserted.
Medial ankle stability is crucial in a pre-operative valgus deformity and the survivorship of the ankle implant. The deltoid complex is the primary restraint against valgus tilting of the talus. In addition, the deep deltoid ligament is the secondary restraint against both lateral and anterior talar excursion [7] . The deltoid complex is often compromised in ankle injuries, with pronation-external rotation fractures being the most common injury associated with deltoid ligament rupture [8] . In this case the patient suffered an injury to the medial deltoid ligament, but additionally had deforming forces from malalignment.
Fibular position should also be carefully assessed, especially in posttraumatic arthritis. Shortening and lateral rotation of the fibula is a complication after open or closed treatment of malleolar fractures. A shortened and rotated fibula will interfere with the normal function of the ankle. Displacement of as little as 1 mm will change the mobility of the talus and fibula, as well as, the distribution of load in the talofibular and talotibial articulations [9] . Cadaveric studies showed that 30° of lateral rotation deformity decreases the tibiotalar contact area by 30% to 50% [9] [10] [11] .
There is debate in the literature regarding total ankle arthroplasty and pre-operative coronal plane deformity. Some authors argue malalignment of greater than 10 degrees in any plane in the supramalleolar or distal tibial region requires a corrective osteotomy at the level of the deformity before a TAR can be considered [3, 12] . However, some authors have found deformity of up to 30 degrees can be corrected without a statistically significant increase in failure when compared to those with deformity less than 30 degrees. The primary mode of failure in pre-operative deformities greater than 20 degrees is instability [13] . In addition, the syndesmosis should be evaluated. After a malreduced ankle fracture, chronic instability can ensue. Syndesmotic instability is defined as chronic when present for greater than 6 months [14] . Syndesmotic fusion is the recommended treatment for chronic instability [14, 15] .
Lastly, this patient had distal tibial osteonecrosis. Distal tibial osteonecrosis is not a common occurrence with only 11 cases published in the literature. It is thought to occur secondary to trauma and resultant intra-osseous compartment syndrome. The clinical entity has been a result of ankle fracture in all reports published including this case. Tibial osteonecrosis is typically treated with drilling, grafting, and realignment [16, 17] .
While osteonecrosis and pre-operative coronal malalignment greater than 10-15 degrees are listed as contraindications, we were able to successfully insert a Zimmer total ankle implant with staged procedures to address the osteonecrosis, 20 degree ankle valgus, deltoid insufficiency and a shortened, rotated fibula with a good clinical outcome. We believe close attention to existing deformities and appropriate staging of procedures is key to a successful result.
